The purpose of this study was to investigate the effect of some air abrasive trim cuts on the current noise ot thick film resistors. It was found that the current noise changed on trimming the resistors and that the percentage change in the current noise enabled important conclusions to be drawn. From these conclusions it was possible to specify optimum trim cuts for resistors for high power and high frequency thick film hybrid circuits.
INTRODUCTION 2. RESULTS
The vast majority of resistors used in hybrid circuits need to be trimmed by one technique or another. This trimming results in a change in current noise in the resistor, and as current noise is an important figure of merit in high power and high frequency thick film hybrid circuits, it was thought necessary to investigate the relationship between trimming and current noise. It has previously been shown, Refs. 1 and 2, that the more uniform the current distribution is, the less will be the current noise. Different cuts required for trimming will give rise to different non-uniform current distributions in resistors and, therefore, the current noise will vary from resistor to resistor due to the. different cuts, different materials and the different substrates used.
The experimental results for two types of cuts are given
in Tables I to IV Table II . Before and after trimming the current noise of the resistors was measured and this is shown in Table III . In Table III S notes the system noise in dB which is the background noise present in the resistor when no direct current is flowing, T denotes the total noise in dB, and D is the noise produced by the DC applied voltage. Both the DC voltage noise and the total noise was measured simultaneously, but when the DC voltage was applied to the terminals of the resistor under test, the associated noise measurement indicated the total noise in the resistor.
For resistors having only a small difference between total noise and system noise a correction factor f(T S) has to be applied. The relationship between this correction factor and T S is given by:
The current noise index I is calculated using the formula:
The noise specifications for carbon film resistors are as follows: for 1K resistor, max current noise is -8dB, 500, -10dB and 5KY,, -5dB. It can be seen from Table III that the current noise of thick film resistors examined in the present experiment was less than that of carbon film resistors.
It can also be seen from Table III that for the resistors of the same aspect ratio the least current noise value is associated with largest resistance. Furthermore current noise is largest in the smallest resistor, and smallest in the largest resistor. The main reason for this phenomena is thought to be due to the uniformity of current distribution in the large resistors.
After trimming it was found that the current noise in every resistor increased. Percentage increases are shown in Table IV. From Table IV it can be seen that for the straight trimmed cuts examined the noise increase was greatest in the smallest area resistors.
These results can be explained from the fact that the influence of trimming on the current path in the resistors, for resistors with small areas is more serious than that with resistors of larger area. In other words the current distribution in the smaller resistors becomes more non-uniform on trimming so that the current noise increases by a larger percentage.
For (W/3) straight trimmed resistors, the increased percentage of current noise on trimming is much less than with the (W/2) straight trimmed. Again this can be explained by the consideration of current distribution in the resistor; the disturbance of the current distribution in the former case is much less than in the latter. (see Table IV ).
For (W/2) straight trimming, the increased percentage of current noise for resistors with the aspect ratio 1:3, is the smallest observed (see Table III ).
Finally, measurements have been made in a similar manner on the other trimmed cuts shown in Figure 1 . Typical results are: 1) For single edged trimming the % increase in current noise is only 67% of that observed with a straight trim.
2) For double edged trimming the % increase in current noise is again only 67% of that obtained with a straight trim.
3) For L-cut trimming the increase of current noise is only 77% of that observed in straight trimming. 2) For straight trimmings, the farther the trimming cut goes into the resistor the higher is the increase current noise.
3) The increase in current noise for single edge trimming, double edge trimming and L-cut trimming is less than for straight trimming. 4) After trimming the current noise variations are in the range 10 to 30%
